In three experiments we tried to mask the motions of human gait. We represented human walkers as a set of 11 computer-generated elements on a display monitor, moving as a nested hierarchy of motions that mimicked the motions of the head and m~jor joints. The walker was seen in sagittal view, facing either right or let~ and walking as if on a treadmill. On the walker was superimposed a simultaneous mask composed of elements with the same brightness, shape, and subtense as those of the walker. We varied the mask parameters--particularly the number of elements and style of motion-to discern what masks best camouflaged the walker's direction. In general, many kinds of masks impeded viewer performance at durations of 200 msec, but only relatively complex masks continued to impede performance to 400 msec and beyond. Four results stand out concerning the concurrent perceptual organization of target and mask. First, if the mask is easily divided into groups by its motion parameters, viewer performance with respect to the stimulas is generally impeded by increasing the number of groups in the mask. Second, the most successful masks are those composed of scrambled parts of walkers. Third, given a sufficient number of scrambled-walker elements, viewer performance does not improve above chance even at 800 msec. And fourth, this lack of improvement appears to be confined to scrambledwalker masks that share the particular gait parameters of the walker target.
In three experiments we tried to mask the motions of human gait. We represented human walkers as a set of 11 computer-generated elements on a display monitor, moving as a nested hierarchy of motions that mimicked the motions of the head and m~jor joints. The walker was seen in sagittal view, facing either right or let~ and walking as if on a treadmill. On the walker was superimposed a simultaneous mask composed of elements with the same brightness, shape, and subtense as those of the walker. We varied the mask parameters--particularly the number of elements and style of motion-to discern what masks best camouflaged the walker's direction. In general, many kinds of masks impeded viewer performance at durations of 200 msec, but only relatively complex masks continued to impede performance to 400 msec and beyond. Four results stand out concerning the concurrent perceptual organization of target and mask. First, if the mask is easily divided into groups by its motion parameters, viewer performance with respect to the stimulas is generally impeded by increasing the number of groups in the mask. Second, the most successful masks are those composed of scrambled parts of walkers. Third, given a sufficient number of scrambled-walker elements, viewer performance does not improve above chance even at 800 msec. And fourth, this lack of improvement appears to be confined to scrambledwalker masks that share the particular gait parameters of the walker target.
Those who study the perception of certain types of events often use the term biological motion for patterns of movement generated by living forms. By far the most frequently studied b~o~ogical motion is human gait (e.g., by Bertenthal, Proffitt, & Cutting, 1984; Bertenthal, Proffitt, & Kramer, 1987; Cutting & Kozlowski, 1977; Cutting, Proffitt, & Kozlowski, 1978; Hoffman & Flinchbaugh, 1982; Johansson, 1973 Johansson, , 1975 Proffitt, Bertenthal, & Roberts, 1984 ; see also Cutting, 1982) . In these studies, "motion patterns" consist of the movements of small patches of light, typically less than a dozen, that are mounted on individuals as they perform certain acts, particularly as they walk. The ability of viewers to organize the array into a coherent percept is interesting and important because, regardless of one's theoretical perspective, it is not obvious how such a complex set of motions should be analyzed..
Motion studies show that human gait is discerned rapidly. Johansson (1976) reported that naive viewers can perceive the human form and identify its action (doing jumping .jacks, pushups, etc.) in displays with durations of only 200 msec, corresponding to about five frames of filrn sequence. This is impressive because naive subjects rarely perceive the human form as a static stimulus (Kozlowski & Cutting, 1977) . The small amount of motion information provided by a few subsequent frames is enough for the human visual system to organize the elements into a coherent structure (see also Doner, Lappin, & Perfetto, 1984; Lappin, Doner, & Kottas, 1980) . This research was suppc~rted by National Institute of Mental Health Grant MH37467. Thanks go to two anonymous reviewers for their discerning comments. Requests for reprints should be sent to James Cutting, Department of Psychology, Uris Hall, Cornell University, Ithaca, NY 14853-7601. What is not known about the motions of human gait is whether they can be masked, and if so by what. The goal of these experiments was to find out the parameters necessary for such masking. Since time-courses of forward and backward masking do not allow easy adaptation to the study of masking of moving stimuli, a simultaneous mask was used.
The present set of experiments examined the effect, on perceptk, t~, of various masks placed on the image of a walker represented by elements mounted on major joints and the head. The literature consistently calls this stimulus a point-light walker. The walker itself always remained stationary at the center of the display screen, as if walking on a treadmill. Pilot research quickly demonstrated that elements with shape, brightness, or subtense different from those of the walker provided no masking at all. Thus, in the present experiments the walker was camouflaged by masks consisting of elements equivalent to those composing the walker.
Pilot work also revealed that judgments of presence or absence of a walker within any mask that we could compute were far too easy. Instead, then, we asked viewers to determine which way the walker faced, fight or left? This task requires some reasonably fine-grained organization of the structure of the walker, since arms and legs move in both directions, regardless of which way the treadmill walker faces. In the first two experiments, we carefully varied the phase of the walker within the step cycle so that neither static nor dynamic cues within any given region on the display would dictate which way the walker faced. Durations of the stimuli were typically brief enough so that no position on the display monitor could be scrutinized exclusively if the viewer was to perform well on the task.
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Experiment 1 was initially conducted as an exploration of what is now called "structural information theory" (Buffart, Leeuwenberg, & Restle, 1983; Cutting, 1981; Leeuwenberg, 197 l; Resfle, 1979) . Our idea was that a mask that required more parameters to specify its movement would be more effective in precluding the identification of the walker's direction. This turned out not to be true. But another aspect of information load--those parameters shared with the target stimulus--did prove to be important in later experiments. Regardless, Experiment 1 served as a guide for further mask selection. We used many different types of masks in this study, all with 22 elements in them. Our results allowed us to hone our stable of masks in Experiment 2, but we also found it necessary to increase the number of elements in them to 55. Experiment 3 replicated and extended some of the findings of Experiments l and 2.
EXPERIMENT 1: ON TRYING TO MASK POINT-LIGHT WALKERS WITH A FEW ELEMENTS

Method
Viewers and equipment. Thirty-two viewers participated individually: 20 in Condition 1 and 12 in Condition 2. All were members of the Cornell University community, 19 to 25 years in age, and with normal or corrected-to-normal vision. Each was paid $4. They sat in a dimly lit room 1 m from a HewlettPackard (HP) 1350S vector-plotting graphics monitor with a P31 phosphor. Stimuli were driven by an HPI000L series minicomputer.
Stimuli. The basic walker stimulus consisted of 11 elements, moving in such a way as to simulate the motions of a person walking. Positions of elements simulated the movements of all major joints (both elbows, wrists, knees, and ankles, and one shoulder and hip) and the head (Cutting, 1978b) ; one wrist, one elbow, one ankle, one knee, and the visible hip were appropriately and periodically occluded during the step cycle. Motion was generated through presentation of as many as 12 successive frames completing one step. In Condition l, each frame was presented for 67 msec (Condition 2 will be discussed later). As stated above, the walker did not move across the screen but was stationary at midscreen as if walking on a treadmill. The walker subtended a height of 4 o visual angle and a width of 1.5°. Each element subtended 0.2° and consisted of a blurred @ symbol. The walker could face either right or left, and this stimulus was all that was presented on no-mas'k trials.
In all other types of trials, 22 other elements were added to the walker and formed what we call a mask. Initial positions of these were randomly determined within a rectangular area 6° x 3° centered on the walker. Nine different types of masks were used in this study; later, for purposes of discussion, these will be condensed to five. Static target/mask relations are indicated in Figure 1 .
In the static mask, the additional elements did not move during the stimulus trial. While the walker trod, the masking elements remained still. In the dynamic mask, different positions for each element were generated randomly for each frame. This prevented them from being perceived as having any coherent motion. In the linear mask, the masking elements moved as a unit diagonally across the display space, either downwardly to the right (45 °) or downwardly to the left (135°), wrapping around (as if on the surface ofa torus) as they disappeared from the masking area. The velocity of these elements was about 2°/sec, which resulted in the phenomenal impression of a rigid plane covered with elements being moved over the stimulus and beneath a rectangular aperture. In two masks, the elements moved in circular paths. In the synchronous circles mask all of the distractors moved in phase; in the asynchronous circles mask the elements were divided into two groups, 120° out of phase. In both cases, the diameters of all circular paths were equal to the upper leg length of the walker, and all paths completed a circle m 24 frames. There were also two masks in which the distractors moved along elliptical paths, chosen because the treadmill walker's shoulders and hips traverse ellipses. These ellipses had a minor vertical axis equal to two-thirds the diameter of the circles, and a horizontal radius 1.5 times the diameter. Again they completed a full revolution in 24 frames. The synchronous ellipse and asynchronous ellipse masks were analogous to the two circular masks.
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The final two masks had the same motions as the walker, but in a scrambled spatial arrangement. In the synchronous scrambled walker mask, all homologous walkers' pans moved in phase; for example, all three right-ankle elements moved together but in different locations on the screen, and so forth. In the asynchronous scrambled walker mask, the phases of the elements representing the same joint were shifted by 120°; that is, if the target-walker elements were considered referents at 0°, one scrambled walker was at 120°, and the other was at 240°. For circular, ellipsoidal, and scrambledwalker masks (as with the linear masks), when a dot reached the edge of the masking area, it wrapped around to the opposite side. One additional stimulus was created for a familiarization procedure, with masking elements moving in a linear fasInon, but horizontally rather than diagonally.
Each mask/target combmation was generated in four different tokens. The stimulus walker could face either right or left, and the mask could move either one direction (right, or clockwise) or the other (left, or counterclockwise). Of course for no-mask, static, and dynamic patterns, there was no mask direction, so these stimuli varied only with respect to the direction in which the walker faced. Two different tokens were generated for each right and left version for these masks.
Because each stimulus took about 40 sec to generate, all were precomputed and stored as data files. A total of 38 experimental stimuli of 12 frames each were stored: two that contained no mask, four each of the static, dynamic, and linear masks, and four each of the circle, elhpse, and scl~,unbled-walker masks in b~th synchronous and asynchronous form.
Familiarization. Participants were told that they would wtew complex stimuli on a computer-driven display, all with elements that mimicked the motions of a person walking. A series of six blocks Pigure 2. Sample frames taken out of the step-cycle for right-facing walkers.
of trials were then run to familiarize them w~th the task and stimuli. All of these trials, as well as those in the three experiments, began with a warning tone and a trial number that stayed on the screen for 1 sec. After the stimulus was then displayed, the screen remained blank until the wewer responded; then the warning tone for the next trial was sounded. The task was thus self-paced and response times were not measured.
The first familiarization block presented walkers with no masks, facing right and left. 'These stimuli lasted 72 frames, or about 4.8 sec, during which the walker completed six steps. The second practice block used the horizontal linear mask, and had the same duration as the no-mask trials. The remaining four practice blocks used the same two stimuli as the first two blocks, but with progressively shorter duration.,;. The third and fourth presented 12 frames (804 msec) of the no-n~k and horizontal linear masks, respectively. The fifth and sixth blocks presented three frames (201 msec) of these stimuli. The number of trials in each practice block was not fixed. Instead, each viewer continued until achieving eight consecutive correct responses. This served as a check on the viewer's ability to perform the task. Most were able to reach this criterion in less than 30 trials in Experiments 1 and 3, although not in Experiment 2, where more complex masks were used; when they did not, the familiarization sequence was truncated. Experhnental procedure. Each viewer then participated in 392 randomly presented trials over the course of about 40 min: (10 types of stimuli, the no-mask stimulus plus 9 mask types) × (3 durations of presentation) × (3 parts of the step cycle) × (4 tokens, or right and left combinations) + 32 practice trials of varied sorts that began the sequence.
Condition 1. The st~tmulus/mask durations were 67, 201, and 804 msec, consisting o1~ 1, 3, and 12 stimulus frames, respectively. The 12-frame stimuli spanned half a step cycle (one step) and were not sampled in any way--that is, Frames 1-12 were always presented. As noted above, the 1-and 3-frame stimuli sampled different parts of the step cycle. In Frames 1, 2, and 3 of any stimulus/mask the walker's arms and legs were most outstretched; in Frames 7, 8, and 9 they were most aligned. Sample frames for the left-and fight-facing walkers are shown in Figure 2 . The 1-frame stimuli were either the 2nd, 6th, or 10th frame of the stored stimulus; the 3-frame stimuli contained Frames 1-3, 5-7, or 9-11. This manipulation controlled for the position of the walker's limbs, and made it impossible for the viewer to monitor a single location on the display and achieve good performance. Twelve-frame stimuli were presented as often as 3-and 1-frame stimuli.
Condition 2. This condition was identical to Condition 1 except that the durations of the stimuli were made equal. That is, the 3-and 1-frame stimuli were increased proportionally so that they had the same duration as the 12-frame stimuli. The purpose of this manipulation was to try to separate possible effects of duration from the number of different frames presented to the v~ewer.
Results
There were no differences of any kind between Conditions l and 2. This suggests that all effects are due to the amount of visual information in the target/mask relations, not in the rate of information uptake. This result is consistent with Doner et al. (1984) , who found that viewers' ability to detect a sphere with random dots on it in a field of similar noise dots was a function of the number of frames presented, not stimulus duration. In all further analyses the data from the two conditions were pooled.
Preliminary analyses also revealed no differences among several types of masks, so these were also pooled to aid discussion; in addition, several others were pooled for conceptual reasons. The pairs of masks with similar results were the synchronous circles and ellipses, the asynchronous circles and ellipses, and the synchronous and asynchronous scrambled walkers; here, however, all circles and ellipses were pooled for initial discussion. Because of pooling and the differences in numbers of responses per mask category, analyses of variance were performed on individual viewers' percent correct responses. In the discussion of masking effects, the terms used for the resulting six types of stimuli are: no mask, linear mask, dynamic mask, circular mask (for both ellipses and circles, both synchronous and asynchronous), and scrambled-walker mask (for both synchronous and asynchronous scrambled walkers).
As expected, there were reliable effects of number of frames [F(2,62) = 3521, mask type [F(5,155) = 98.5], and their interaction [F(10,310) = 16.7; allps < .001]. Since our main interest was in the interaction of mask type and number of frames, separate analyses were then performed and comparisons made using a Scheff6 test. The confidence interval (c~ = .01) was 10.0% in all three frame conditions. Overall results are shown in the three panels of Figure 3 .
In one frame, of course, there is no motion. Nevertheless, viewer performance given the no-mask stimulus was quite good, just above 90%. This means that static configural information in the walker at different parts of the step cycle is sufficient for observers to detect the direction the walker faces. Such information, of course, would also be available in all other stimuli, but since there is also no mask motion one would expect that in judging walker direction, performance in response to all masks should be equal. Moreover, to the extent that the locations of the masking elements concealed this configural information, performance in judging the direction a walker faces should be poor, if not at chance level. Indeed, performance across the six masks was 59%.
In three frames, motion appears, but the pattern of results is little different. Viewer performance under the no-mask condition improved to 95 % and remained reliably above that of all masking conditions, in which performance improved to an average of 75 %. There were no clear-cut differences among mask types. Most surprising to us was that the static mask was as effective as other masks.
In 12 frames, however, masks yielded interesting differences. The static and linear masks became ineffective, with viewer performance not reliably different from that in the no-mask condition. Circular, dynamic, and cUTrlNG, MOORE, AND MORRISON
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ence provoked one aspect of Experiment 2, in which we investigated the possible perceptual organization of masks as part of picking out the direction of the target walker. Four other effects should be considered. First, performance with respect to all mask types improved with stimulus duration (all ps < .01), a result pertinent to Experiment 2. Second, a reliable difference was obtained in terms of what part of the step cycle was sampled on a stimulus trial [F(2,62) = 56.6, p < .001]. Judgments of walker direction were easiest in the trials that presented arms and legs most outstretched (75 %), more difficult in those with intermediate extensions (68%), and most difficult on those with arms and legs held most closely to the body (59%). This effect was similar and reliable for l-and 3-frame stimuli. Third, viewers appeared to have a bias for walkers facing right, where performance was 77 %, over those facing left, where performance was 67% [F(1,31) --8.5, p < .001]. This may be due to a propensity to respond with the dominant (right) hand in situations of uncertainty. And fourth, there were several uninterpretable interactions that involved the different tokens and cycle parts for each stimulus, a result found also in Experiments 2 and 3. scrambled-walker masks, on the other hand, yielded performance reliably worse.
One interaction, not shown in Figure 3 , is that asynchronous circular and ellipsoidal masks were more effective than synchronous circular and ellipsoidal masks [F(1,31) = 12.4, p < .002], as shown in Table 1 . This effect occurred for both 3-and 12-frame stimuli (ps < .05), and is the only result generally consistent with structural information theory (Buffart et al., 1983) . That is, the coding scheme for an asynchronous mask of whatever type must have more parameters than that for a synchronous mask, and one might predict that the information load of the mask would impede identification of the stimulus. 1 The synchronous/asynchronous differ-
Discussion
Two types of simultaneous masking effects cant be discerned. First, configural masking effects are substantial in static (l frame) displays: Performance in single-frame trials with simultaneous masks was substantially below that for no masks (59% vs. 90%, respectively). Second, when motion is added to the display, performance improves for all stimuli, particularly those that are masked--to 75% and 89%, for 3-and 12-frame masked :stimuli, respectively. In addition, given the near-identity o f results in Conditions 1 and 2, it is the motion (or change,') in the display, not the duration, that is important.
Reliable differences in performance with respec! to different masks appeared only when stimuli had 12 frames, not 3. Thus, at least for masks of 22 elements, motion properties of the mask have few effects that aco crue within 3 frames. The exception is that at 3 frames (as well as 12) there was a reliable effect of grouping (synchrony vs. asynchrony) in the circular and ellipsoidal masks. Thus there is ample evidence that perceptual or- ganization occurs four the target over 3 frames and within 200 msec (configural information is available in a single frame), but somewhat less that it occurs for the mask within 3 frames regardless of duration. We think that the most important effect of this study, however, is that it is quite difficult to mask the motions of a point-light walker at all. Since little masking, and even less differenti~d masking, occurred with 22 masking elements, we next tried 55.
EXPERIMENT 2: MASKING POINT-LIGHT WALKERS WITH MORE ELEMENTS
Method
Twelve different viewers from the Cornell University community were paid $5.00 to participate in a similar experiment lasting about l h. The same apparatus was used and similar mask/target stimuli were generated, but this t~me with 55 masking elements rather than 22. The no-rrmsk stimulus again had only the 11 elements of the walker.
Five types of simultaneous masks were generated: linear, circular, dynamic, and scra~hled-walker, as before, and a fifth mask that combined aspects of all four, which we call a mixed mask. No ellipsoidal or static nu~sks were used. Dynamic and scrambledwalker masks were generated as before. Linear and circular masks were generated in three types. Masking elements could move uniformly as a single group, in two groups in different directions or phases, or in five different groups of directions or phases. The rationale for this manipulation stemmed from the effect, in Experiment l, of synchronous versus asynchronous circular and ellipsoidal masks, where the ]latter proved much more effective.
We thought that if perceptual grouping occurred for the mask, it would be worthwhile ~o investigate the number of groups that the mask might be segregated into. One-group linear masks had their elements move either to the right (144°) or left (216°); twogroup mask elements moved in both directions at these angles (22 one way, 33 the other, counterbalanced across tokens); and fivegroup masks had 11 elements move vertically (0°) and 11 each move at 72°, 144°, 216°, ~ 288°. All 55 circular mask elements moved either clockwise or counterclockwise. The one-group masking elements moved as a group, each starting at 12 o'clock (or 0°); twogroup masks moved 180~' out of phase (22 in one group, 33 in the other, counterbalanced .across tokens); and five-group masks moved in equal 1 l-element groups, at phases of 0°, 72°, 144°, 216°, and 288°. Mixed masks had 11 elements moving linearly to the right (at 144°), 11 linearly to the left (216°), 11 moving circularly, 11 that were dynamic (changing position randomly across frames), and 11 that were scrambled-walker parts.
Rather than present l, 3, and 12 frames as in Experiment 1, we eliminated the single-fi-a~ne condition and explored the region between 3 and 12 frames.. Thus, three different durations were employed: 201 msec (3 frames), 402 msec (6 frames), and 804 msec (12 frames). No condition was added here that equated durations, unlike in Experiment 1. Cycle parts were sampled as before, with Frames 1-3, 5-7, and 9--11 for the 3-frame stimuli, and Frames 1-6, 4-9, and 7-12 for the 6-frame stimuli. Twelve-frame trials had no cycle-part manilmlation , but were represented equally often. Four tokens were generated for all mask types, with walker direction counterbalanced with mask movement.
The procedure was as before, a similar familiarization sequence followed by 396 experimental trials (the equivalent of 11 mask types: no-mask represented twice as often as the others, 3 linear, 3 circular, 1 dynamic, 1 scrambled walker, and I mixed) × (3 durations) × (3 cycle parts) × (4 tokens).
Results and Discussion
Again, there were reliable effects of duration [F(2,22) = 21.5], mask type [F(5,55) = 66.4], and their interaction IF(10,110) = 4.39; allps < .001]. And again, our main interest is viewer performance at different stimulus durations for different masks. As before, analyses of variance were performed on the percent correct performance for all mask types. Mean values are shown in Figure 4 , and most results will be discussed in terms of Scheff6 test confidence intervals (a = .01), which average 14.9% across frame conditions. In general, performance was worse than in Experiment 1 for all mask types. This effect is surely due to the increased number of masking elements, a notion explored in Experiment 3. At three frames, performance was already near ceiling for no-mask stimuli (95%); reliably more difficult to discern were the walkers covered with linear, circular, and dynamic masks (at 62%, 63 %, and 68%); and reliably below these were walkers covered with scrambled-walker parts and mixed masks (at 53% and 50%).
At six frames, performance on anmasked stimuli was nearly perfect (99%); performance with linear, circular, dynamic, and mixed masks was reliably worse (at 74%, 73%, 69%, and 64%); and performance with scrambledwalker masks was still at chance (50%).
Twelve-frame stimuli revealed a similar pattern: nearperfect performance for no masks (98%); somewhat worse performance for linear, circular, dynamic, and mixed masks (82%, 84%, 84%, and 74%); and chance .performance (49%) with scrambled-walker masks.
Another way to express these results is to say that there was reliable improvement in determining walker direction with increased duration for all stimulus types (all ps < .02), except the no-mask stimuli (p --.07) and the scrambled-walker stimuli (p = .75). Performaace on these was at ceiling and floor, respectively, regardless of stimulus duration. We consider the main result of this study to consist of the lack of improvement with increased stimulus duration for scrambled-walker masks.
In addition, there was a reliable effect of number of masking-element groups (1 vs. 2 vs. 5) for the linear and c~rcular masks, [F(2,22) = 6.15, p < .008]. Here the effect was reliable at 3 and 6 frames (ps < .05), but unlike in Experiment 1, not at 12 (p := .37). Table 1 shows performance by number of masking-element groups. This result, in conjunction with the result in Experiment 1 for synchronous versus asynchronous, circles and ellipses, suggests that grouping principles occur for the mask as well as the target, and do so within the first 200 msec. Thus, when a viewer tries to discern walker direction, a unitary mask (one that forms a single group) is Jess effective than one that forms two groups, which is in turn less effective than one forming five.
Finally, there were reliable effects for the cycle part selected in the 3-and 6-frame stimuli [F(2,22) = 7.66, p < .003], and for the direction that the walker faced [F(1,1 l) = 8.03, p < .02]. The magnitudes of the~ were like those in Experiment 1. And, as before, there were several uninterpretable interactions involving cycle parts, walker directions, and tokens.
Given these results, two ideas seemed worth pursuing. First, we investigated the effects of masks with 22, 33, 44, and 55 elements, making sure that performance differences in Experiments 1 and 2 were due to the number of elements in the mask. Second, we explored aspects of the scrambled-walker masks. Were their effects due to the identity of mask parameters with the walker targets, or were they due to a general similarity of vector paths?
EXPERIMENT 3: MASKING POINT-LIGHT WALKERS WITH VARIED NUMBERS OF ELEMENTS
Method
Eight observers from the Cornell Umversity communily participated; 4 of them had participated in Experiment 2. Each was paid $5. The same apparatus and procedure were used as I~fore.
Four general types of mask stimuli were generated: one with circular masks and three with various types of scrambled walkers. The first of the latter type was like that of Experiments 1 and 2, with walker pans having the identical vector paths of the walker itself. In the second, masking elements were generated from a walker that took steps twice the size of the normal walker; and in ~he third, step size was one-half normal. This type of manipulation changes the motions of all elements (Cutting, 1978a ), but particularly noticeable are the swings of the upper arm and upper leg: swings of the "normal" walkers are 19° and 27°, respectively, for the femur at the h~p and the humerus at the shoulder; swings for the doublestep walkers are 45° and 53°; and those for the half-step walkers, 9 ° and 13 °. Elsewhere, extents of motions in double-and half-step walkers also vary roughly according to the ratios of step si:~:es. Also, since step-cycle time was the same in the three simulations, the instantaneous velocities in the mask vary accordingly. In general, the velocities are doubled for the double-step walker and halved for the half-step walker. These normal-, double-, and half-step walkers were then multiply scrambled to form the masks; all target walkers were as before, "normal" in their step size.
In addition, all types of masks varied in number of elements: 22, 33, 44, or 55. Phase was manipulated for the circular masks, with two groups of 11 elements 180° out of phase, three groups at 120°, four groups at 90°, and five groups at 72°. Phase was not varied in the scrambled-walker masks, sxnce such manipulation produced no effect in Experiment 1.
More durations were sampled in this study, with 3, 6, 9, and 12 frames used. This time we decided against varying the part of the cycle sampled, so all trials began with Frame 1 (where arms and legs were nearly aligned). All types of masks were computed in four tokens, two each for walkers facing left and right. Thus, v~ewers participated in a random ordering of 320 trials: 5 mask types (no mask, circular, and three scrambled-walker types) × 4 durations x 4 masking element numbers (22, 33, 44 , and 55 elements, w~th no-mask trials represented as often as the others) ~'< 4 tokens.
Results and Discussion
Some results were as expected. The number of masking elements mattered [F(3,21) = 5.74, p < .005], with viewer performance at 84%, 80%, 75%, and 74%, respectively, with 22, 33, 44, and 55 masking elements. In addition, duration also affected performance IF(3,21) = 18.2, p < .001], but not in the predicted way. Performance was 65%, 80%, 83%, and 83% at 3, 6, 9, and 12 frames, respectively, with no reliable differences among mask]target stimuli longer than 201 msee. This leveling off of performance is almost surely due to the fact that, since all stimuli began with the first frame and since the sixth frame generally presented the walker with arms and legs most outstretched, little new infomaation accrued after that.
More interesting, however, are the patterns of relations among types of stimuli. First, there were no errors whatsoever for no-mask stimuli at any duration, so these were Table 2 . Across the varying numbers o f masking elements there was no reliable effect on viewer performance in judging walker direction under circular masks, or double-step or half-step scrambled-walker masks [all Fs(3,21)< 2.35, all ps > . 10], but there was a reliable effect for normal-step scrambled-walker nmsks [F(3,21) = 9.9, p < .001]. This surprising result suggests, among other things, that it is the exact style of rnotions in the normal-step scrambledwalker mask that c~unouflages the walker's direction, not a general pattern of pendular motions.
The second interaction, which is more complex, suggests the same conclusion. It centers on a replication of a result from Experiment 2. First, performance with respect to all masks--circular and scrambled-walker--improved with duration [all Fs(3,21)> 3.7, all ps < .03]. But only the normal-step scrambled-walker masks provided an interaction of duration and the number of masking elements [F(3,21) = 9.86, p < .001], and here there was general improvement in judging the direction a walker faced with all numbers of masking elements--excepl those with 55, where performance hovered between 46 % and 59 %, as in Experiment 2.
This last result, like the previous interaction, suggests that the visual system is particularly sensitive to the exact vector paths of the masking elements, not just their general pendular swing. When sufficient numbers of masking elements with the exact vectoral parameters as the walker are superimposed on it, walker direction simply cannot be determined; when those parameters are violated, performance improves with duration as one would expect.
GENERAL DISCUSSION
We will consider first three theoretical issues about perceptual organization and motion, then turn to a concluding discussion and summary.
Masking of Wholes or Parts?
One question seems to arise inherently in any consideration of the masking of a stimulus as complex as a human walker: Does the masking cover the whole or just parts? The answer, we believe, is parts. But the parts are not smaller than an arm or a leg, at least not for Experiments 1 and 2. Our rationale for this. conclusion is threefold:
First, knowledge plays an important role in the recognition even of unmasked walker displays. For example, only about 85 % of naive viewers see a human form when presented with a treadmill walker identical to those used here (Proffitt et al., 1984) . Thus, the stimulus cannot really be said to organize itself spontaneously and fully for a naive viewer, at least not as a human form. All viewers, however, report seeing bendable parts moving against one another--or arms and legs.
Second, when the viewer knows that a walker is to be presented, the entire stimulus need not be present for recognition to occur. Kozlowski and Cutting (1977, 1978) and Cutting (1978a) showed that a few lights, such as those on the arms or the legs, are sufficient even to determine the gender of the walker. If gender can be determined from walker fragments, surely the presence of a walker can also be determined from fragments if one knows a walker may appear. Thus, there is no reason for a knowledgeable viewer ever to look for more than an ann or a leg.
Third, throughout the familiarization and experimental procedure, the task we set for our viewers was to recognize the direction faced by an increasingly wellknown and well-scrutinized walker stimulus. The viewer was free to adopt whatever strategy he or she might choose. When asked afterwards about how they did the task, most viewers claimed to have looked near the center of the display for information about arms or legs. They were aware that no single location would give away the answer, due to variation in phase, but a bent arm or a bent leg would suffice. This means that they had to organize perceptually at least three elements--a shoulder, elbow, and wrist, or a hip,'knee, and ankle--subtending a region of about 1.5° in width by 2° in height, regardless of whether they were looking for an arm or a leg. An average of 1 out of every 6 masking elements would also lie in this region in a given frame, or about 3 to 9, depending on the experiment.
Thus, we claim that the task the viewers were performing included at least two parts: The first was something of a straight faltering task that ignored about 5/6 of the display area; the second was an organizational task in which pendular relations among triads of elements were to be discerned and separated from a number of distractor elements.
In Experiment 3 something a bit different could occur. Since all stimuli, regardless of duration, began with Frame 1 (with arms and legs nearly aligned with the body), viewers could scrutinize a quite local area of the display, perhaps attending to the presence or absence of a single element. What the results of this experiment show is that even the most highly informed viewers make substantial errors due to the locations of distractor elements in the mask.
Thus we claim that our results indicate how the patterns within various masks can impede performance for a knowledgeable observer, one who may even know exactly where to look.
Minimality and Structural Information Theory
The ability of the visual system to discover underlying structure in a visual pattern is often discussed in terms of a simplicity, or a minimum, principle (Cutting & Proffitt, 1982; Hatfield & Epstein, 1985; Hochberg & McAlister, 1953; Leeuwenberg, 1971; Restle, 1979) . Indeed, Cutting (1981) worked out an application of this idea to dynamic point-light displays of walkers. Here, following information theory (Chaitin, 1977; Kolmogorov, 1968) , it is as if the visual system assembles the simplest possible program to interpret the pattern of motions. This process is thought to proceed by reducing the number of parameters needed for the description, as the description becomes the percept. Unfortunately, there is no general agreement on what parameters are to be included in such a process, and even when one might agree on them, it is clear that minimal relations are not always perceived (Cutting, 1987; Hochberg, 1986) .
Nonetheless, there are two results from these experiments that would seem to support a minimum principle and structural information theory. In Experiments 1 and 2, there was an effect of grouping for masks, where masks with two and five groups impeded recognition of walker direction much more than did masks with one group. It is as if grouping of the target and mask co-occur, even as the number of element groups in the mask impedes the grouping of the target. The simpler the mask, that is, the fewer the number of element groups in it, the easier it is for the viewer to organize the target. Second, in Experiment 3, the masking effects of normal-step walkers were much more striking than those of double-and halfstep scrambled walkers. Such a result suggests that appropriate information loads for a mask are best computed when using the particular parameter values of the target stimulus.
Form, Motion, and Masking
Treisman, Russell, and Green (1975) investigated masking and motion in a study of iconic memory. Krumhansl (1984) adapted their procedure in a study of the masking of form and motion. In her study, rectangular and ellipsoidal patterns of elements (forms) rotated or remained stationary during the course of a trial. These were simultaneously masked with a random pattern of elements, also rotating or stationary. The results showed that form and motion were processed independently.
In the present three experiments, however, there is ample evidence that the perception of the particular form of the walker was impeded by the particular motions of the mask. The reason for this difference seems clear. The configuration of the target in Krumhansl's (1984) study did not change over time, it simply rotated or remained stationary. In the present experiments, the configuration of the walker changed continuously while only the underlying form remained constant.
Of course, many other researchers have studied the perception of moving objects under noise. Typically, this research is couched in terms of the correspomtence problem: the matching of elements across frames when many different matches are possible. Ullman (1979) , for example, showed that elements mounted on two moving cylinders could be easily segregated, and Petersik (1979), Lappin et al. (1980), and Doner et al. 0984) showed that a sphere with elements mounted in it or on it could be easily recognized in a field of noise elements of the same type. Todd (1985) showed that viewers could discern objects in no~se at signal-to-noise ratios of greater than 1-to-6. None of these objects, nor those of Treisman et al. (1975) and Krumhansl (1984) , are as complex as wallkers. In particular, all were rigid; walkers are not.
Some Conclusions
We think four results of these studies are most important. First, from Experiments 1 and 2, we have evidence that the grouping of elements in the mask affects viewer performance in identifying which way a walker fhces. That is, when the elements of a mask are easily grouped into a single object, performance at judging a point-light walker's direction was very good after 800 msec, but less so when those elements form two or even five groups.
Second, the most successful masks were generally those composed of scrambled walkers. In Experiment 1 .. with 22 masking elements, this effect did not accrue, with scrambled walkers providing no more interference than dynamic or circular masks; but in Experiments 2 and 3, with more masking elements, differences did ocolr.
Third, scrambled-walker masks with sufficient nurnbers of masking elements (here 55) were so effective that performance in judging the walker's direction was at chance regardless of stimulus/mask duration, at least up to 800 msec in Experiments 2 and 3. Substantial release from masking did occur with fewer masking elements.
Fourth, and perhaps most surprising, two masking effects from Experiment 3 seem particular to the exact style of movement in the scrambled-walker masks. First, the number of elements in the mask affected viewer performance in judging target-walker direction only when the mask shared the exact motion parameters of the ~trget. That is, increasing the number of scrambled walkers in the mask impeded performance only when the prescrambled walkers took the same sized steps. Second, the, lack of improvement with stimulus/mask duration occurred only when the masking elements shared the same vector paths as the target 'walker. These two interactions suggest that processes of perceptually organizing the walker target are quite sensitive to particular patterns of motion; they may be disrupted relatively easily by movement patterns identical to those in the walker, but not for those that in many ways are similar but not identical.
